A study on soft computing approach in weather forecasting by Yen, Wee Khun
vii
TABLE OF CONTENTS
CHAPTER   TITLE           PAGE
DECLARATION         ii
DEDICATION         iii
ACKNOWLEDGEMENTS         iv
ABSTACT         v
ABSTRAK         vi
TABLE OF CONTENTS         vii
LIST OF TABLES         xii
LIST OF FIGURES         xvi
LIST OF ABBREVIATIONS        xix
1 INTRODUCTION        1
1.1 Introduction        1
1.2 Problem of Background       3
1.3 Problem Statement      5
1.4 Project Aim          7
1.5 Project Objectives         7
1.6 Project Scopes         7
1.7 Significance of the Project         8
1.8 Project Plan         9
1.9 Organization of the Report         9
viii
2 LITERATURE REVIEW        10
2.1 Introduction         10
2.2 Weather Forecasting         11
2.3 Input and Output Parameter of Weather Forecasting         12
2.4 Soft Computing         12
2.5 Introduction of ANN         18
2.5.1 Single Layer Networks         21
2.5.2 Multi Neural Networks         22
2.5.3 Backpropagation Learning Algorithm         23
2.5.4 Justification of Using Neural Network         25
in this Study
2.6 Introduction of Radial Basis Function         26
2.6.1 RBFN Topology         27
2.6.2 Properties of RBFN         30
2.6.3 RBFN Training Algorithm         31
2.6.4 Justification of Using RBFN in this Study         32
2.7 Fuzzy Inference Systems         33
2.8 Introduction of Neuro Fuzzy         36
2.8.1 Model of Neuro Fuzzy System         38
2.8.2 Characteristics of Neuro Fuzzy         40
2.8.3 Process of Neuro Fuzzy         41
2.8.4 Different Types of Neuro Fuzzy         43
2.8.4.1 Cooperative Fuzzy Neural         44
Network
2.8.4.2 Concurrent Neuro Fuzzy         45
Systems
2.8.4.3 Hybrid Fuzzy Neural Network         46
2.8.4.3.1 Adaptive Network         47
based Fuzzy Inference 
System (ANFIS)
ix
2.8.5 Justification of Using Neural Fuzzy in         50
this Study
2.9 Introduction of PSO         51
2.9.1 PSONN Algorithm         55
2.9.2 Justification of Using PSONN in this Study         56
2.10 Error Function: MSE and RMSE         57
2.11 Summarization of Related Research of Weather         58
Forecasting
2.12 Chapter Summary         64
3 RSEARCH METHODOLOGY         65
3.1 Introduction         65
3.2 Methodology         66
3.3 Dataset         66
3.4 Data Pre-processing         70
3.5 Structure of Neural Network, RBFN, PSONN         71
and ANFIS
3.5.1 Structure of BPNN          73
3.5.2 Structure of RBFN          74
3.5.3 Structure of ANFIS          77
3.5.4 Determine Network Parameter and          80
Formulation of PSONN
3.6 Experiment and Analysis          82
3.7 Summary          83
4 EXPERIMENTAL RESULT          84
4.1 Introduction          84
4.2 Result and Discussion          85
4.2.1 Experiment 1 - Applying the Dataset onto          86
BPNN
x4.2.1.1 Experiment 1a –Applying t to the          87
Variable In BPNN
4.2.1.2 Experiment 1b –Applying Weather          90
Condition (t)in BPNN
4.2.1.3 Experiment 1c - Applying Weather          95
Condition (t) and Weather Condition 
(t-1) in Neural Network
4.2.2 Experiment 2 - Applying the Dataset        102
onto ANFIS
4.2.2.1 Experiment 2a –Applying t to         103
the Variable In ANFIS
4.2.2.2 Experiment 2b –Applying Weather         105
Condition (t) in ANFIS
4.2.2.3 Experiment 2c- Applying Weather         108
Condition (t) and Weather Condition 
(t-1) in ANFIS
4.2.3 Experiment 3 - Applying the Dataset onto         112
PSONN
4.2.3.1 Experiment 3a –Applying t to the         112
Variable in PSONN
4.2.3.2 Experiment 3b –Applying Weather        116
Condition (t) in PSONN
4.2.3.3 Experiment 3c –Applying Weather         121
Condition (t) and Weather Condition 
(t-1) in PSONN
4.2.4 Experiment 4 - Applying the Dataset onto         128
RBFN
4.2.4.1 Experiment 4a –Applying t to the         129
Variable in RBFN
4.2.4.2 Experiment 4b –Applying         132
Weather Condition (t) in RBFN
xi
4.2.4.3 Experiment 4c –Applying Weather         137
Condition (t) and Weather Condition 
(t-1) in RBFN
4.3 Comparison between Soft Computing Approaches for     144
The Lowest Minimum Error
4.4 Summary        146
5 CONCLUSION AND FUTURE WORK       147
5.1 Introduction        147
5.2 Summary of Work        148
5.3 Contribution of the Study        149
5.4 Suggestion for Future Work        149
REFERENCES        150
Appendix A        155
xix
LIST OF ABBREVIATIONS
ANFIS Adaptive Network base Fuzzy Inference System
ANN Artificial Neural Network
FNN Fuzzy Neural Network
GA Genetic Algorithm
MSE Mean Square Error
RMSE Root Mean Square Error
RBF Radials Basis Function
RBFN Radials Basis Function Network
PSONN Particle Swarm Optimization Feed-Forward Neural Network 
BPNN Backpropagation Neural Network
xvi
LIST OF FIGURES
FIGURE NO. TITLE PAGE
2.1 Development of Soft Computing     14
2.2 Soft Computing Technique     15
2.3 Natural Neurons             18
2.4 Diagram of a Neuron     19
2.5 Diagram of ANN     20
2.6 Three Sigmoids (for c=1, c-2 amd c=3)     24
2.7 RBFN in Time Series Modeling     28
2.8 RBFN in Pattern Classification     28
2.9 Fuzzy Inference Systems     33
2.10 Commonly Used Fuzzy IF-THEN Rules and Fuzzy     35
Reasoning Mechanisms
2.11 Model of Neuro Fuzzy System     38
2.12 The Second Model of Neuro Fuzzy System     38
2.13 The Architecture of a Neuro Fuzzy     41
2.14 Simple Regular Fuzzy Neural Net     42
2.15 Different Types of Cooperative Fuzzy Neural Network     44
2.16 A Hybrid FN     46
2.17 ANFIS Architecture    47
2.18 PSONN Learning Process     56
3.1 General Framework of Proposed Study     67
xvii
3.2 Every Hour Condition from 1 June 2009 to 30 June 2009     69
3.3 General Structure of BPNN, RBFN and PSONN Used in     72
This Project 
3.4 General Structure of ANFIS Used in this Project     72
3.5 The Degree of Membership Function qith Input    78
Temperature, Humidity, Wind Speed, Weather 
Condition (t) and Weather Condition (t-1)
3.6 PSONN Procedure    82
4.1 Every RMSE for Every Network Structure with Input    90
Temperature, Relative Humidity and Wind Speed
4.2 Every RMSE for Every Network Structure with Input     94
Temperature, Relative Humidity, Wind Speed and Weather
Condition 
4.3 Every RMSE for Every Network Structure with Input     100
Temperature, Relative Humidity, Wind Speed, Weather
Condition (t) and Weather Condition (t-1)
4.4 Result of Experiment 1     101
4.5 Result of Experiment 2a     105
4.6 Result of Experiment 2b        107
4.7 Result of Experiment 2c        110
4.8 Result of Experiment 2     111
4.9 Every RMSE for Every PSONN with Input     115
Temperature, Relative Humidity and Wind Speed
4.10 Every RMSE for Every PSONN Structure with Input     120
Temperature, Relative Humidity, Wind Speed and Weather
Condition(t)
4.11 Every RMSE for Every PSONN Structure with Input     126
Temperature, Relative Humidity, Wind Speed and Weather
Condition(t) and Weather Condition (t-1)
4.12 Result of Experiment 3    127
xviii
4.13 Every RMSE for Every RBFN Structure with Input      132
Temperature, Relative Humidity and Wind Speed 
4.14 Every RMSE for Every RBFN with Input Temperature,      136
Relative Humidity, Wind Speed and Weather Condition (t)
4.15 Every RMSE for Every RBFN with Input      142
Temperature, Relative Humidity, Wind Speed and Weather
Condition(t) and Weather Condition (t-1)
4.16 Result of Experiment 4      143
4.17 Comparison between Minimum Errors on each Approach      145
xii
LIST OF TABLES
TABLE NO. TITLE PAGE
2.1 Strengths and Weakness of Main Constituents of Soft 
Computing     15
2.2 Comparisons of Neural Control and Fuzzy Control     37
2.3 Comparison of ANN Related Research     58
3.1 Sample Dataset (Before Pre-Processing)     68
3.2 Sample Dataset (After Pre-Processing)     68
3.3 Classifier of Weather Condition into Range of [0,0.9]     71
3.4 PSO Parameters     81
4.1 Result of Network Structure 3-7-1     87
4.2 Result of Network Structure 3-6-1     88
4.3 Result of Network Structure 3-5-1     88
4.4 Result of Network Structure 3-4-1     89
4.5 Result of Experiment 1a     89
4.6 Result of Network Structure 4-9-1     91
4.7 Result of Network Structure 4-8-1     91
4.8 Result of Network Structure 4-7-1     92
4.9 Result of Network Structure 4-6-1     92
4.10 Result of Network Structure 4-5-1     93
4.11 Result of Network Structure 4-4-1     93
4.12 Result of Experiment 1b     94
xiii
4.13 Result of Network Structure 5-11-1     95
4.14 Result of Network Structure 5-10-1     96
4.15 Result of Network Structure 5-9-1     96
4.16 Result of Network Structure 5-8-1     97
4.17 Result of Network Structure 5-7-1     97
4.18 Result of Network Structure 5-6-1     98
4.19 Result of Network Structure 5-5-1     98
4.20 Result of Network Structure 5-4-1     99
4.21 Result of Experiment 1c     99
4.22 Result of Experiment 1     101
4.23 Result of Membership Function 2, 2, 2     103
4.24 Result of Membership Function 3, 3, 3     104
4.25 Result of Experiment 2a     104     
4.26 Result of Membership Function 2, 2, 2, 10     106
4.27 Result of Membership Function 3, 3, 3, 10     106
4.28 Result of Experiment 2b     107
4.29 Result of Membership Function 2, 2, 2, 10, 10     108
4.30 Result of Membership Function 3, 3, 3, 10, 10     109
4.31 Result of Experiment 2c     109
4.32 Result of Experiment 2     110
4.33 Result of PSONN Structure 3-7-1     113
4.34 Result of PSONN Structure 3-6-1     113
4.35 Result of PSONN Structure 3-5-1     114
4.36 Result of PSONN Structure 3-4-1     114
4.37 Result of Experiment 3a     115
4.38 Result of PSONN Structure 4-9-1     116
4.39 Result of PSONN Structure 4-8-1     117
4.40 Result of PSONN Structure 4-7-1     117
4.41 Result of PSONN Structure 4-6-1     118
4.42 Result of PSONN Structure 4-5-1     118
4.43 Result of PSONN Structure 4-4-1     119
xiv
4.44 Result of Experiment 3b     119
4.45 Result of PSONN Structure 5-11-1     121
4.46 Result of PSONN Structure 5-10-1     122
4.47 Result of PSONN Structure 5-9-1     122
4.48 Result of PSONN Structure 5-8-1    123
4.49 Result of PSONN Structure 5-7-1     123
4.50 Result of PSONN Structure 5-6-1     124
4.51 Result of PSONN Structure 5-5-1     124
4.52 Result of PSONN Structure 5-4-1     125
4.53 Result of Experiment 3c         125
4.54 Result of Experiment 3         127
4.55 Result of RBFN Structure 3-7-1     129
4.56 Result of RBFN Structure 3-6-1     130
4.57 Result of RBFN Structure -5-1     130
4.58 Result of RBFN Structure 3-4-1     131
4.59 Result of Experiment 4a     131
4.60 Result of RBFN Structure 4-9-1                 133
4.61 Result of RBFN Structure 4-8-1     133
4.62 Result of RBFN Structure 4-7-1     134
4.63 Result of RBFN Structure 4-6-1     134
4.64 Result of RBFN Structure 4-5-1     135
4.65 Result of RBFN Structure 4-4-1     135
4.66 Result of Experiment 4b     136
4.67 Result of RBFN Structure 5-11-1     137
4.68 Result of RBFN Structure 5-10-1     138
4.69 Result of RBFN Structure 5-9-1     138
4.70 Result of RBFN Structure 5-8-1     139
4.71 Result of RBFN Structure 5-7-1     139
4.72 Result of RBFN Structure 5-6-1     140
4.73 Result of RBFN Structure 5-5-1     140
4.74 Result of RBFN Structure 5-4-1     141
xv
4.75 Result of Experiment 4c         141
4.76 Result of Experiment 4     143
4.77 Comparison between Minimum Errors on each Approach     144
